The purpose of this study was to assess the radiopacity and microhardness of different types of resin-based composites (RBC -hybrid; microhybrid; flowable; cement and polyacid modified) before and after being submitted to artificial accelerated aging. Fifty specimens (7 mm in diameter and 2 mm thick) were fabricated, 10 for each material. The specimens were light-cured and submitted to radiopacity and microhardness tests. After obtaining initial radiopacity and microhardness values, the specimens were taken to the artificial accelerated aging, and new measurement of radiopacity and microhardness of the samples was performed. Data were submitted to statistical analysis (Student's t-test -p < 0.05). None of the materials studied showed changes in radiopacity after artificial accelerated aging. There was a significant decrease in microhardness for the microhybrid and polyacid-modified RBC´s. This study suggests that radiopacity remains unaltered after materials are submitted to artificial accelerated aging. Microhardness, however, may vary due to plasticization of the aged RBC matrix.
Introduction
Resin-based composites (RBC) have been broadly used in dentistry due to their physical characteristics, ease of handling, and especially due to their satisfactory esthetic features. Radiopacity of these materials is important enabling the detection of secondary caries, marginal defects, contour of restoration, contact with adjacent teeth, cement overhangs, and interfacial gaps [1] [2] [3] [4] [5] [6] [7] . It is known that highly radiopaque materials make a radiographic diagnosis more difficult 1 , while radiolucent materials will show up as a separate layer 8 . RBC radiopacity should be at least equal to that of dentin to assure that the material would not be mistaken for carious dentin 9 ; while others suggest this radiopacity be even greater than enamel 2, 3, 6, [10] [11] [12] [13] . The radiopacity degree can vary within the same class of material 2 and is affected by several factors. This property results from the incorporation of filler particles with into the matrix (glass and ceramic particles containing heavy metals such as aluminum, barium, strontium, and zirconium). These particles may vary greatly in their concentrations and compositions, the most important factor for radiopacity 2, 3, 12 . For instance, RBC's intended for use in anterior teeth have filler particles that are smaller in size and lower in concentration than those intended for use in posterior teeth 3, 4 . In addition, the material thickness 2, 3 , the angulation of the X ray beam, the methodology employed for evaluation 6, 14 , the type of X ray film, the age of developing and fixing solutions 10 , and the alteration in the power/liquid ratio 15 can also have an influence.
According to the International Standardization Organization (ISO) 16 , a resin material should be less radiopaque than the equivalent thickness of 99.5% pure aluminum. Some authors consider that restorative materials should have a degree of radiodensity higher than that of enamel and dentin [2] [3] 6 . Some authors 18, 19 , supported by the stress-corrosion theory, hypothesized that the leakage of ions from RBC filler particles stored in water, was related to the corrosion of the glass particle exposed to an aqueous medium. This phenomenon, according to the authors 19 , occurs due to leakage of ions such as silicon, barium, strontium, and sodium into the aqueous medium. Release of such ions could break the chemical bond between the filler particle and the matrix, resulting in reduced radiopacity and diminished mechanical strength.
This investigation was based on the hypothesis that artificial accelerated aging causes degradation of the resin matrix as well as corrosion of filler particles, which leads to a reduction in the material's radiopacity and its mechanical properties. Hence, the purpose of this study was to evaluate the radiopacity and microhardness of resin material submitted to artificial accelerated aging.
Methods and Materials
This study makes use of RBC's employed in anterior and posterior teeth restorations (Table 1) . These materials were chosen because, for each indicated category, they are the most frequently used materials in the dental clinic at the Ribeirao Preto Dental School.
The specimens (2 mm in thickness and 7 mm in diameter) were obtained using a Teflon matrix, with a central axis and a sliding portion over that. In order to assure compacting and to allow the excess resin material to flow, a glass plate was placed over the material that was inserted into the matrix. This technique was chosen specifically because it eliminates the presence of air from the RBC surface, which improves conversion degree. Polymerization was performed using a halogen lamp for 40 seconds (Ultralux Electronic, Dabi Atlante, Ribeirão Preto, São Paulo, Brazil, 400-500 nm, 450 mW.cm -2 ). Fifty specimens (10 for each type of material) were fabricated. After removing the specimens from the matrix, they were polished using sandpaper discs following a descending order of granulation granulometry (Sof-Lex, 3M do Brasil, Sumaré, São Paulo, Brazil). To prevent overheating and surface change, polishing was done in a wet environment and using soft alternate movements. After completing the polishing, with the aid of a digital caliper, it was verified that the specimen thickness was 2 mm. All specimens were coded and stored in individual containers with 100% humidity. The specimens were kept in a dark environment until the moment to be placed in the Accelerated Aging System (Comexim Matérias Primas Ltda, São Paulo, Brasil). The specimens were then randomly divided into two groups (n = 25), with five samples for each studied RBC (Table 1) , which complies with ASTM Standards G154-00A. One group was evaluated in terms of radiopacity and the other was submitted to a microhardness test.
To analyze radiopacity, each group of five-specimen group was radiographed using a 70 KVp X ray apparatus (Spectro 70X, Dabi Atlante, Ribeirão Preto, São Paulo, Brazil), on top of a periapical radiographic film (Kodak Insight, tipo E, Manaus, Amazonas, Brazil). The exposure time was 0.30 second and the focus-film distance was 20 cm. Films were manually developed in a darkroom following the time/temperature recommendations of the manufacturer (Kodak, Manaus, Amazonas, Brazil).
A 99.5% pure aluminum step wedge with eight different degrees of thickness (2 to 16 mm) was placed on top of the radiographic film. This was meant to control the quality of radiography and film development. Specimens were placed clockwise, following a randomly pre-established sequence below the aluminum step wedge. Metal letters and numbers codified the category of material, and the repetition number (Figure 1 ).
Five radiographs were obtained. Optical density (Photodensitometer Vitoreen -Model 7-424, USA) of the samples was measured in triplicate. Optical density for each thickness of the aluminum step wedge was also measured. Radiopacity of the materials was calculated in relation to the optical density of the aluminum step wedge (2 mm) using the formula below 20 : R = OD (mr) x 100/OD (Al)
where: R = radiopacity of the restorative material sample (2 mm); OD (mr) = optical density of the restorative material sample (2 mm); and OD (Al) = optical density of aluminum (2 mm). Microhardness of sample surfaces was measured (HMV, Shimatzu, Kyoto, Japan) at three different points and was represented by the mean value of Vickers surface microhardness.
The fifty specimens were submitted to accelerated artificial aging (C-UV, Comexim Matérias Primas Ltda, São Paulo, São Paulo, Brazil), in which independent UV light and water condensation cycles took place continually and automatically. The working program was fixed to 4 hours of exposure to UV-B at 50 °C and 4 hours of water condensation at 50 °C, with a maximum aging time of 384 hours 21 . After artificial accelerated aging, the specimens were radiographed again to measure the optical density in the same way as done initially, and then submitted to the microhardness test. The mean values of optical density for the step wedge and for samples, before and after artificial accelerated aging, were analyzed by Student's t test -95% significance. The same occurred with the data concerning surface microhardness before and after accelerated aging. 
Results and Discussion

Radiopacity
The quality control of making and developing the radiographic images may be confirmed in Figure 2 , which represent a standardization of the method since they show similar behavior. The statistical analysis for optical density values obtained for the step wedge did not show any statistically significant differences.
Comparing the samples before and after artificial accelerated aging, statistical analysis showed no significant difference between the materials in terms of radiopacity ( Table 2 ).
The present study was based on the hypothesis that the clinical use of a RBC might make its radiographic image less visible, which could lead to an incorrect diagnosis of caries. Furthermore, the loss of components responsible for radiopacity could reduce the material's properties, such as microhardness.
Radiopacity is essential to any type of restorative material. ISO norm 16 states that the minimum radiopacity of a restorative material should be equal or greater than that of the 2 mm-thick aluminum step wedge. Results showed that all the RBC's studied, before being submitted to accelerated aging, complied with this norm. After accelerated aging, however, there was a tendency toward reduction in radiopacity but with no statistical significance. The materials maintained radiopacity above that of the aluminum step wedge (1 mm). Radiopacity of restorative materials is due to the presence of filler particles composed of glass and ceramic particles containing heavy metals, such as barium (Ba), strontium (Sr) and zirconium (Zr) 23 . These glassy materials also have a refraction index of 1.5, which equals that of the resin. Barium ceramics are the most commonly used particles. Although they promote radiopacity, these fillers are not as inert in water as is quartz 24 . Many studies have emphasized the need for high radiopacity of flowable RBC when used in posterior teeth restorations [25] [26] [27] . In the present study, microhybrid RBC was the resin that showed the highest radiopacity (Table 2) , which remained the same after aging. The cement and hybrid RBC's also showed high radiopacity before aging. However, after aging there was a small, non-statistically significant, reduction of physical and mechanical properties in both materials.
The incorporation of filler particles with the resin matrix improves the properties of that component if the filler is strongly bonded to the matrix [28] [29] [30] . This allows the polymer, which is more flexible, to transfer stress tension to the particles, which are more rigid. However, if that bond is not strong the filler may weaken the material. Authors 30 suggest that resin-particles interfaces can act as sites for crack initiation and propagation in regions where tensile stress arise. Hence, silanization of filler particles in matrix resin is essential to the success of a RBC, and if appropriately used, it enhances the physical and mechanical properties of the material 31 . The reinforcing effect of glass fillers only remains effective as long as the particulate filler phase and resin matrix phase are bonded together. If a deterioration of the silane coupling occurs with accelerated aging, it reduces the retention of filler particles 32 . Such degradation of the matrix/silane/filler union may be caused by water sorption that penetrates into the filler/resin interface and makes silane hydrolysis easier. This, in turn, may cause a loss of filler particles and, consequently, lower microhardness 33 . Table 3 lists the differences between the mean initial and final Vickers microhardness values. Statistical analysis revealed statistically significant differences in relation microhybrid and polyacidmodified RBCs. No statistically significant difference was found for the other materials.
Microhardness
The results for microhardness showed a statistical significance only for microhybrid and polyacid-modified RBCs. Microhybrid RBC, which has medium-sized particles of 0.4 µm and 77.5% filler particles by weight, showed a higher initial microhardness value. Nevertheless, after artificial accelerated aging, there was a reduction in microhardness of approximately 56% (Table 3) . Hybrid RBC, however, although containing 79% filler particles by weight, showed a 12% reduction in microhardness. Hence, this study is in agreement with the findings by Schulze et al. 34 , which reported that high levels of hardness are not related exclusively with the particle content in a RBC. The composition and the distribution of the filler sizes may be more important factors for this property. The level of conversion is another factor that interferes in material hardness; however, it was not part of this study's design 35 . Studies report a significant decrease in mechanical properties caused by hydrolysis of resin matrix 36 . The storage solution is usually water that can infiltrate and decrease the mechanical properties of the polymer matrix, by swelling and reducing the frictional forces between the polymer chains, a process known as 'plasticization' [37] [38] [39] [40] . Similar results were obtained with artificial saliva solutions 41, 42 . For polyacid-modified RBC, the reduction was of about 18%. Contrary to highly filled restorative hybrid-type composite resins, polyacid-modified composite resins generally contain more organic matrix and thus may be more susceptible to water absorption and a subsequent surface disintegration in an aqueous environment 43 . Cattani-Lorente et al. 44 investigated the affect of the water sorption upon the mechanical characteristics of a resin modified glass ionomer cement and polyacid-modified RBC. In contact with water, both materials became more plastic than dry samples and underwent a greater deformation before fracturing. Sorbed water behaves as a plasticizer for the materials with subsequent softening of the specimens caused by a hydrolytic irreversible disintegration of the matrix and/or the filler-resin-interface 45 . The results of the present study indicate that despite the degradation of the polymeric matrix caused by silane hydrolysis, the consequent loss of filler particles is not sufficient to substantially change radiopacity. New studies are called for in order to verify if longer periods of aging change these results.
Conclusion
The results allow for the conclusion that in terms of radiopacity, there was no significant change when materials were submitted to 384 hours of artificial accelerated aging. In relation to microhardness, behavior after artificial aging depends on the type of restorative material, size and distribution of the filler particles present within the RBC and material's susceptibility to water sorption. 
